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ABSTRACT 

The development and use of a contamination mathematical  
computer model t h a t  has  a p p l i c a t i o n  t o  any on-orbi t  s p a c e c r a f t  system 
i s  def ined.  The model i s  modular, c o n s i s t i n g  of s e v e r a l  major sub- 
rou t ines .  These r o u t i n e s  cons ider  ou tgass ing ,  vent ing  and leakage,  
and t h r u s t e r  engines  and p o i n t  sources .  The h e a r t  of t he  model, an 
i n t e g r a t i o n  program, has t h r e e  major elements t h a t  are i n t e g r a t e d  i n t o  
concise  sets of equat ions.  The b a s i c  elements are source k i n e t i c s ,  
t r a n s p o r t  mechanisms, and reemission k i n e t i c s .  Resul t s  of computer 
modeling ac t iv i t i e s  and a r e l a t e d  systems level contamination and 
a n a l y s i s  conducted by Aeroje t  ElectroSystems Company are presented .  A 
c o r r e l a t i o n  of the  a n a l y s i s  wi th  observed r a d i a t o r  degradat ion of a 
geosynchronous a l t i t u d e  s a t e l l i t e  is  presented  t o  show the  merit of the 
modeling approach. 

208 



1.0 INTRODUCTION 

Radiators  f o r  pas s ive ly  cooled sa te l l i t e  systems r equ i r e  

low va lues  of s o l a r  absorptance (as) and h igh  va lues  of i n f r a r e d  

emittance ( E ~ ) .  

e f f e c t s  of t he  s p a c e / s a t e l l i t e  environment which can cause an inc rease  

i n  the a /E  

formance. This  degradat ion may be caused by r a d i a t i o n  damage t o  

thermal c o n t r o l  s u r f a c e s  and/or contamination depos i t i on  of p a r t i c -  

u l a t e  o r  outgassed materials. 

However, these  thermal p r o p e r t i e s  are s u b j e c t  t o  the  

r a t i o  r e s u l t i n g  i n  degradat ion of system thermal per- s h  

Analysis of t h e  long-term temperature d a t a  of a geo- 

synchronous sa te l l i t e  has  shown a d e f i n i t e  warning t rend  of the  

pas s ive ly  cooled systems. Thermal ana lyses  performed wi th  the  temp- 

a t u r e  d a t a  ind ica t ed  the  s o l a r  absorptance of r a d i a t o r  s u r f a c e s  was 

inc reas ing  wi th  t i m e .  So la r  absorptance "maps" of t h e  absorptance 

t r ends  were compiled f o r  t he  r a d i a t o r s  and are presented  i n  Figure 1. 

However, a thorough understanding of causes and e f f e c t s  r e l a t i n g  t o  

t h i s  absorptance inc rease  were s u b j e c t  t o  conjec ture  due t o  the  l i m i t -  

ed information temperature d a t a  could provide.  Therefore ,  means of 

providing a d d i t i o n a l  requi red  information f o r  i n v e s t i g a t i n g  the  cause 

of t h e  warming t rends  w e r e  i n i t i a t e d .  

The warming t r end  h ighl ighted  the  need for a contamination 

model t h a t  could i d e n t i f y  t h e  causes  of t he  inc rease  i n  temperature 

w i t h  t i m e ,  and determine the  e f f e c t s  of any design changes. Because 

of t h e  many f a c e t s  t o  such a mathematical model, t h e  computer program 

t o  p r e d i c t  mass depos i t i on  (contamination) w a s  s t r u c t u r e d  so t h a t  i t  

is assembled i n  modular f a sh ion  (Figure 2 ) .  The program i s  arranged 

i n  subrout ines  and concise  a lgo r i thmic  blocks w i t h i n  subrout ines  which 

c o n t r o l  t he  many f a c e t s  of d a t a  manipulat ion and s o l u t i o n  techniques 

necessary t o  manage a complex model form e f f i c i e n t l y .  The modeling 

of s p a c e c r a f t  contamination involves  many phases of manufacture and 
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FIGURE 1. TRENDS O F  SOLAR ABSORPTANCE A S  A FUNCTION O F  
TIME ON-ORBIT FOR THE RADIATOR OF AN 
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ground handl ing,  t he  launch environment, and o r b i t a l  condi t ions.  The 

modeling e f f o r t  considered i n  t h i s  development d e a l s  only with the on- 

o r b i t  environment ( f r e e  molecular flow) experienced by the spacec ra f t .  

Resul ts  of r e l a t e d  computer modeling ac t iv i t ies  a t  AESC are contained 

elsewhere i n  these  proceedings. 

2.0 DISCUSSION 

The b a s i c  model is  derived from the  methods developed on t h e  

S a t e l l i t e  Contamination Program (SATCON). 

I n  the  SATCON Program, A E S C  i s  determining the  e f f e c t s  of 

self- induced contamination of c r i t i ca l  thermal c o n t r o l  and o p t i c a l  

sur faces .  

on sa te l l i t e  system performance. 
s tudy ,  wi th  AESC concent ra t ing  on developing and v e r i f y i n g  a gene ra l  

set of equat ions  which desc r ibe  contamination e f f e c t s  f o r  o p t i c a l  and 

thermal-control systems. S a t e l l i t e  self-contaminat ion i n  normal 

ope ra t ion  i s  the  primary cons idera t ion .  Br i e f ly ,  t he  SATCON s tudy  i s  a 

progress ion  of d e t a i l e d  t a s k s  lead ing  t o  t h e  system o v e r a l l  e f f e c t s  

eva lua t ion  as fol lows : 

t a r g e t  r ecep to r s  are s e l e c t e d  from candida te  s a t e l l i t e  s u r f a c e  materi- 

a ls ;  (b) f o r  t hese  materials, a theory of contamination mechanism and a 

set  of equat ions  are developed; (c )  measurements of material emission 

k i n e t i c s  are made under space conditions--a vacuum microbalance and a 

p a r t i c l e  ana lyzer  are used t o  determine p a r t i c l e  composition and 

dynamics; (d) t he  t r anspor t  mechanism is measured t o  v a l i d a t e  the  

theory;  (e )  the  thermal and o p t i c a l  e f f e c t s  of Contamination are 

measured; and ( f )  t e s t i n g  i s  performed t o  v e r i f y  the  equat ions .  The 

equat ions developed under t h i s  program provide t h e  b a s i c  methodology 

f o r  the  mathematical model development. 

These da t a  are being used t o  p r e d i c t  contamination e f f e c t s  

The o v e r a l l  program i s  a multisystem 

(a)  poss ib l e  contamination source materials and 
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The model presented i n  t h i s  paper is t h e  composite of a d a t a  

bank c o n s i s t i n g  of blocks of complex d a t a  formulated and formatted f o r  

e f f i c i e n t  s o l u t i o n  of t he  t h e o r e t i c a l  mathematical  t rea tment  developed 

under t h e  SATCON program. An execut ive  computer program w a s  designed 

t o  e f f e c t i v e l y  manage model da t a  and s o l v e  f o r  contaminant depos i t i on  

rates by numerical  s o l u t i o n  of t he  governing t h e o r e t i c a l  d i f f e r e n t i a l  

equat ions.  

P a r t i c u l a r  a t t e n t i o n  has  been devoted t o  the  development of 

a model wi th  capac i ty  app l i cab le  t o  l a r g e  mul t inodal  systems such as 

the  e x t e r n a l  su r f ace  of e n t i r e  spacec ra f t s  and be wi th in  the  realm of 

prac t ica l  computer c a p a b i l i t y  and use. 

3.0 MODEL DEVELOPMENT 
The Aerojet  Mass Analyzer Program (AMAP) is designed t o  

determine t h e  contaminant source emission and reemission mass depos- 

i t i o n  rates on t h e  su r faces  of a veh ic l e  i n  a space environment us ing  

l ine-of -s ight  theory and d i f f u s e  emission behavior.  

accounts f o r  t he  dev ia t ion  from these  assumptions f o r  s u r f a c e s  such as 

t h r u s t e r s  wi th  s p e c i a l  shape f a c t o r  i n p u t  parameters.  

This  program 

The model presented  i n  t h i s  paper  is v a l i d  only f o r  t he  

free-molecular f low regime such as the  vacuum space environment of an 
on-orbi t  sa te l l i te  may provide.  The development of t h e  complete set  of 

governing t h e o r e t i c a l  equat ions  are presented  by E. A. Zeiner i n  t h e s e  

proceedings.  l S 2  
genera l  a p p l i c a t i o n  technique and s o l u t i o n  of t h i s  in-depth mathemati- 

cal  t rea tment  as i t  a p p l i e s  t o  enc losure  problems i n t e r n a l  o r  e x t e r n a l  

where space is t he  enc los ing  node. 

The model presented  i n  t h i s  paper  i s  the  r e s u l t  of 

While equa l ly  accu ra t e  f o r  small nodal  models, t h e  model 

presented has  been developed f o r  p r a c t i c a l  s o l u t i o n  c a p a b i l i t y  of 
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l a rge  mult inodal  enc losure  problems of a genera l  na tu re  where f ree-  

molecular flow regimes are v a l i d .  

In-depth t h e o r e t i c a l  background and mathematical  t reatment  

development w i l l  no t  be presented  i n  t h i s  paper as the  comprehensive 

development is  given elsewhere i n  these  proceedings . 
grammed w i l l  be presented,  however, without  d e t a i l e d  d e s c r i p t i o n  as 

t h a t  information i s  r e a d i l y  a v a i l a b l e .  

Equations pro- 

The model presented  assumes d i f f u s e  su r face  source emission 

and reemission,  a l lowing f o r  i n t e r n o d a l  d i s t r i b u t i o n  of contaminants 

i n c i d e n t  t o  be descr ibed  by geometric conf igu ra t ion  f a c t o r s  (black 

body shape f a c t o r s ;  F ) as are used i n  thermal r a d i a t i o n  ana lys i s .  

Capture c o e f f i c i e n t s  (0) are used t o  d e f i n e  the  q u a n t i t y  of i n c i d e n t  

mass s t i c k i n g  and accommodated, thus being available f o r  subsequent 

reemission cons idera t ion .  Shape f a c t o r s  de f in ing  i n t e r n o d a l  d i s -  

t r i b u t i o n s  are a func t ion  of geometry and t h e r e f o r e  apply t o  t h e  system 

independent of temperature  level o r  contaminant considered.  

c o e f f i c i e n t s  are a func t ion  of no t  only t h e  contaminant type considered 

but  a l s o  the  temperatures of both t h e  emi t t i ng  and accommodating 

s u r f  aces. 

i j  

Capture 

The i n i t i a l  d i s t r i b u t i o n  of mass emanating from ven t s  and 

t h r u s t e r s  is  def ined  by a set of shape f a c t o r s  which are def ined  as 

the  mass rate i n i t i a l l y  i n c i d e n t  on a s u r f a c e  d iv ided  by t h e  t o t a l  mass 

rate emanating from the  ven t  o r  t h r u s t e r  (both are c a l l e d  ven t  nodes). 

This d i s t r i b u t i o n  is  complex t o  determine and is  a func t ion  of geometry, 

temperature,  p re s su re ,  and contaminant. For some ven t  s u r f a c e s ,  t he  

d i f f u s e  emission assumption may be adequate.  For t h r u s t e r s ,  plume 

a n a l y s i s  programs such as CONTAM 11 may be used. Defining these  shape 

I 
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f a c t o r s  allows vent  nodes t o  be handled i n  a convenient and s i m i l a r  

fashion t o  o the r  types  of nodes and he lps  t o  prevent  an unwieldy 

amount of i npu t  data .  

The mass contamination model is concerned wi th  VCM 

( v o l a t i l e  condensible ma te r i a l s )  only. The governing set  of d i f f e r -  

e n t i a l  equat ions appear i n  mat r ix  form as fol lows f o r  a one- 

contaminant, diffuse-source emission, and f i r s t - o r d e r  d i f f u s e  re- 
emission: 

r - l  

where : 

where : 

n : number of nodes i n  problem 

: (n,n) d i a  ona l  ma t r ix  of nodal rate cons t an t s  
k (sec-9) 
i j  

{md) : (n) vec tor  whose elements are the  deposi ted 
mass su r face  dens i ty  of each node (gm/cm2) 

[.I : (n2,n) mat r ix  ope ra to r  composed of F func t ions .  

LFj 
i j  

2 2  : (n ,n  ) matr ix  ope ra to r  composed of a l g e b r a i c  
func t ions  of F and (T 

(n,n2) matrix ope ra to r  whose elements are 
func t ions  of u 

i j  i j  

: 

$1 - 
i = j , S  = 1 
i # j , s  = 0 : d i r a c  (Kronecker) d e l t a  

6 i j  

{hd) : (n) vec to r  whose elements are the  n e t  mass rate 
dep os i t ed (gm/ cm2-s e c ) 
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is : scalar mass l o s s  ra te  from source which i s  a 
func t ion  of e lapsed  t i m e  i n  space (gm/cm2-sec) 

i s  {B) : (n) vec to r  whose elements are func t ions  of F 
and Gsi; where "s" denotes  source,  

Equation (1) r ep resen t s  a set  of n f i r s t  o rde r  non- 

homogenous l i n e a r  d i f f e r e n t i a l  equat ions  which apply t o  a cons t an t  

temperature p r o f i l e  throughout the  nodal  enclosure.  The [F] matrix 

becomes e s s e n t i a l l y  a u n i t y  mat r ix  when t h e r e  are many nodes (Fii - 
values  become small; << 1.0) and va lues  f o r  CT are l a r g e  (20.9, which 

i s  t r u e  i n  r e a l i t y ) .  With t h i s  assumption, i nve r s ion  of t he  [F] mat r ix  
i j  

L J  

i s  not  necessary and i t  can be assumed t o  be  un i ty .  

e l imina te s  much computer core  f o r  s o l u t i o n  r o u t i n e s  and al lows quick 
s o l u t i o n  c a p a b i l i t y  and computer capac i ty  f o r  l a r g e  nodal  models. 

This  s i m p l i f i c a t i o n  

With these  assumptions,  t h e  ope ra to r  ma t r ix  reduces t o  

the  fol lowing form: 

Source emmission i s  de t ined  by t h e  Arrhenius express ion:  

-ks t 
m = -ks Mo 
S (3) 
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where : 

Mo : mass su r face  d n s i t y  of VCM contaminant on a 
su r face  (gm/cm 5 ) 

t : t i m e  e lapsed i n  space ( sec)  

K~ : source contaminant rate cons tan t  (sec-l) 

F i r s t -o rde r  reemission from a s u r f a c e  i s  def ined  as fol lows:  

I?I = -ke md e (4) 

where : 

k : contaminant rate cons tan t  (sec- l )  

Rate cons t an t s  are func t ions  of contaminant type  and 

e 

temperature of emi t t i ng  su r face  while  capture  c o e f f i c i e n t s  are 
func t ions  of contaminant type and temperatures of both emi t t i ng  and 

accommodating sur faces .  

The program is capable  of analyzing the  contaminant mass 

d i s t r i b u t i o n  and subsequent degradat ion e f f e c t s  f o r  problems wi th  up 

t o  130 nodes and 40 d i f f e r e n t  source and depos i ted  contaminants. Such 

a s o l u t i o n  i s  found by computing a sepa ra t e  s o l u t i o n  f o r  each 

contaminant and superimposing these  s o l u t i o n s  f o r  t h e  complete so lu t ion .  

It  is  assumed t h a t  t h e r e  i s  no chemical i n t e r a c t i o n  o r  a l t e r a t i o n  of 

contaminants due t o  mul t ip l e  contaminants on a su r face .  It i s  a l s o  

assumed t h a t  t h e  small q u a n t i t y  of mass (percentage-wise) which is 

e l a s t i c a l l y  r e f l e c t e d  and i s  no t  accommodated on any s u r f a c e  i s  l o s t  

t o  space.  
- 

With t h e  assumptions made, equat ion (1) r e p r e s e n t s  a set of 

d i f f e r e n t i a l  equat ions  which have a p p l i c a b i l i t y  t o  any vacuum 
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enclosure problem. 

considered as an enc losure  with space forming the  enclosing node, 

having i values  of zero. 

represents  an accu ra t e ,  concise ,  and e f f i c i e n t  approach t o  the  s o l u t i o n  

of vacuum contamination depos i t i on  problems wi th  a genera l ized  approach. 

As an example, the  e x t e r i o r  of a spacec ra f t  may be  

The model presented and programmed thus  e 

A t o p i c a l  f low diagram of the  program is  shown i n  Figure 3. 

The model computes mass depos i t i on  rates f o r  m u l t i p l e  su r faces  and 

mul t ip l e  contaminants f o r  a p o i n t  i n  time. 

f o r  a set of nodal temperatures and s p e c i f i e d  e lapsed  t i m e  i n  space 

(or  vacuum). 

run f o r  a success ive  number of cases, each be ing  a s t a b l e  amount of 

t i m e  between each o t h e r .  I n  o t h e r  words, a t r a n s i e n t  s o l u t i o n  is  

found by running s e v e r a l  success ive  cases  and t i m e  s tepping  through t h e  

s o l u t i o n  per iod;  t h e  e lapsed  t i m e  and nodal temperatures  changing f o r  

each case. This  time i n t e r v a l  ( s t a b l e  time) i s  a per iod  of t i m e  over  

which t h e  depos i t i on  rates computed may be assumed cons tan t .  

t i m e  i n t e r v a l  i s  a program i n p u t ,  and t h e  program uses  t h i s  t i m e  in -  

terval t o  compute the  changes i n  source and depos i ted  mass f o r  each 

node f o r  each contaminant p re sen t ,  thus  prepar ing  t h e  nodal contam- 

i n a n t  d a t a  f o r  the  next  case t o  be run. 

The s o l u t i o n  i s  performed 

I f  a t r a n s i e n t  s o l u t i o n  i s  des i r ed ,  t h e  program must be 

This  

4.0 INPUT DATA REQUIREMENTS 
The complete model c o n s i s t s  of seven b locks  of da t a .  A 

t ape  of t he  b a s i c  model is  read i n  ( a l l  o r  p a r t  of t h e  seven b locks) ,  

then ove r r id ing  ca rds  may be read i n  t o  e d i t  t h e  tape  model o r  add t o  

i t .  This  g ives  the  program m u l t i p l e  case ,  m u l t i p l e  start c a p a b i l i t y .  

The blocks of i n p u t  d a t a  are as fol lows:  
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* 
ALLOCATE REQUIRED STORAGE 

CAPABILITY 

* 
1 4 

PRINT OUT FlASS DEPOSITION RATES FOR 
EACH INDIVIDUAL SOURCE CONTA’FIINANT 

TO EACH NODE FROM EACH NODE 
CONTRIBUTING 

I INIT IAL IZE STORAGE WHERE 
REQUIRED I 

INPUT COMPLETE MODEL 
FROM TAPE 

DETERMINE I F  OVERRIDING CASE 

SO READ I T  I N  I N  CARD FORM 
AND MAKE PROPER ADJUSTMENT 

OF STORAGE DATA. PRINT OVERRIDES. 
(THIS I S  MULTIPLE CASE CAPABILITY.) 

NEEDS TO BE RUN AND I F  

PRINT OUT MODEL 

PRINT OUT ~IOOIFIEO CASE 

MODEL (OR CREATE TAPE) 

COMPUTE HASS DEPOSITION RATES FOR 
EACH INDIVIDUAL SOURCE CONTAMINANT 

TO EACH NODE FROII EACH 
NODE CONTRIBUTING 

Q 

PER NODE PER SOURCE CONTAMINANT 

PER NODE 

I PRINT OUT TOTAL MASS DEPOSITION RATES 11 PER NODE 

COMPUTE NODE TO BODY TRANSFORMATION 
AND BODY TOTAL MASS DEPOSITION 

DEPOSITION RATES 

ALL OUTPUTS ARE FLAGGED WITH PROBLEM CONSTANTS READ I N .  

FIGURE 3. TYPICAL FLOW DIAGRAM OF PROGRAM 
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a. Problem cons tan t s  - f l a g  a l l  program outputs ,  s p e c i f y  

t i m e  a f t e r  launch and increment of t i m e  over which rates 

computed are considered v a l i d  ( s t a b l e  t i m e ) .  T o t a l  

c a p a b i l i t y  of 15 cons tan ts .  

b. Nodal d a t a  - node records  con ta in  f l a g  i n d i c a t i n g  vent 

node o r  r egu la r  node, node number, node temperature,  

node area, and number of contaminants on the  node. 

These are followed by a record f o r  each contaminant 

present  which lists: number of contaminant ( I D  #),mass 

s u r f a c e  dens i ty  of source contaminant, and mass s u r f a c e  

dens i ty  of deposi ted contaminant. Program has capa- 

b i l i t y  of 130 nodes, 40 d i f f e r e n t  contaminants.  

c. Vent (poin t  source)  geometric shape f a c t o r s  - f o r  each 

contaminant emanating from a t h r u s t e r ,  a s e t  of (non- 

b lack  body) shape f a c t o r s  i s  included which de f ines  

'contaminants '  d i s t r i b u t i o n  t o  a l l  s u r f a c e s  i t  i s  in -  

c i d e n t  on. Only nonzero va lues  need be en tered .  

Capab i l i t y  of 10,400 shape f a c t o r s .  
I 

I 
d. Black body shape f a c t o r s  - h a l f  of t h e  i n t e r n o d a l  b lack  

I , 
body shape f a c t o r  ma t r ix  i s  i n p u t  ( inc ludes  d iagonal  

va lues )  which de f ines  the  d i s t r i b u t i o n  of (nonvent) 

emi t ted  contaminants (source and reemission)  t o  sur-  

f a c e s  they are i n c i d e n t  upon. The rest of t h e  matrix 
i s  solved f o r  i n  the  prograpl by area r e c i p r o c i t y .  

Only nonzero va lues  need be inpu t t ed .  

l 

- 
Capab i l i t y  of 

I 

/ matr ix  f o r  130 nodes. 
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e. Tabulat ion of capture  c o e f f i c i e n t s  - t a b l e  of capture  

c o e f f i c i e n t s  (accommodation c o e f f i c i e n t s )  as a func t ion  

of temperature d i f f e rence  between e m i t t i n g  and receiv- 

i n g  nodes must be inpu t t ed  f o r  each contaminant. 

Capabi l i ty  of 40 t ab l e s .  

f .  Tabulat ion of rate cons tan ts  - t a b l e  of rate cons t an t s  

as a func t ion  of temperature of emi t t i ng  nodes must be  

inpu t t ed  f o r  each contaminant. Capab i l i t y  of 40 t ab l e s .  

g. Node t o  body desc r ip t ions  - block of d a t a  which lumps 

groups of nodes i n t o  bodies  f o r  de te rmina t ion  of t o t a l  

mass source emission and depos i t i on  rates f o r  bodies .  

Capabi l i ty  of 20 bodies  each conta in ing  20 nodes. 

5.0 PROGRAM ROUTINES 

The program i s  modular i n  na tu re  being composed of several 

subrout ines  and a lgor i thmic  blocks w i t h i n  subrout ines .  

s t r u c t u r e  provides  f o r  improved program e f f i c i e n c y ,  reduced core  usage 

and ease of e d i t i n g  f o r  f u t u r e  improvements and modi f ica t ions .  

fol lowing subrout ines  are c u r r e n t l y  i n  service: 

Such a 

The 

Main : Alloca tes  requi red  program s t o r a g e ,  p r i n t s  program 

header,  c o n t r o l s  program and te rmina tes  i t .  

Zero : 

Input  : 

Case : 

I n i t i a l i z e s  s to rage  where requi red .  

Reads i n  model t ape  and i n p u t s  model i n t o  s torage .  

Reads i n  and p r i n t s  o u t  ove r r id ing  cases ( i n  card form) 

and a d j u s t s  model s t o r a g e  f o r  case t o  be run. 

r o u t i n e  g ives  the  program m u l t i p l e  case ( r e s t a r t )  

c a p a b i l i t y .  

This  
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Imprint:  P r i n t s  ou t  the  b a s i c  tape model (if f lagged)  and p r i n t s  

and/or  punches ( i f  f lagged)  t h e  models f o r  i n d i v i d u a l  

cases run. 

S t i ck :  

Rate : 

Comp : 

P CNDR : 

Linear ly  i n t e r p o l a t e s  i n  t a b l e s  of capture  c o e f f i c i e n t s .  

L inear ly  i n t e r p o l a t e s  i n  t a b l e s  of ra te  cons tan ts .  

S e t s  up s o l u t i o n  equat ions and so lves  them f o r  a l l  t h e  

va r ious  mass depos i t i on  rates and source emission rates 

f o r  the p r i n t o u t  op t ions .  All model i npu t s  are r equ i r ed  

h e r e  f o r  s e t t i n g  up the  mass depos i t i on  ra te  d i f f e ren -  

t i a l  equat ions.  Changes i n  mass depos i t i on  f o r  de- 

pos i t ed  and source  contaminants over t he  t i m e  i n t e r v a l  

(stable t i m e )  are a l so  computed here. 

P r i n t s  o u t  ( i f  f lagged)  i n d i v i d u a l  nodal exchange mass 

depos i t i on  rates between nodes f o r  each contaminant. 

PTCNDR : P r i n t s  o u t  ( i f  f lagged)  t h e  t o t a l  mass depos i t i on  rate 

and source emission rate f o r  each node f o r  each con- 

taminant.  

PTNDR : 

PTBDR : 

P r i n t s  ou t  t he  t o t a l  mass depos i t i on  rate and source  

emission rate for each node. 

P r i n t s  o u t  t he  t o t a l  mass depos i t i on  rate and source 

emission rate f o r  each body. 

222 



PBLK2 : Computes a new block of nodal  contaminant d a t a  based 

upon changes i n  mass rates computed i n  r o u t i n e  COMP 

over the  s t a b l e  t i m e  increment s p e c i f i e d .  It a l s o  

p r i n t s  and/or punches ( i f  f lagged)  ou t  t h i s  block of 

d a t a  f o r  eva lua t ion  o r  use i n  another  case.  

6.0 PROGRAM OUTPUT 
A l l  ou tputs  must be f lagged by nonzero problem cons tan t s  

This prevents  a c c i d e n t a l  out- i n  o rde r  t o  be p r in t ed  and/or punched. 

put  of unwanted da ta  making use r  conscious of output .  

ex tens ive  and user  must beware. Should e r r o r s  be made and c e r t a i n  

groups of cons tan ts  no t  f lagged,  t he  program w i l l  terminate .  

Output can be 

The following outputs  and problems cons tan ts  are a v a i l a b l e :  

(3 )  

(4) 

(7) 

Control Feature  

P r i n t  e n t i r e  tape model. 

P r i n t  e n t i r e  model wi th  i n d i v i d u a l  case 

changes. 

Punch ou t  e n t i r e  model wi th  case changes. 

P r i n t  mass depos i t ion  r a t e s  f o r  each node 

from each node f o r  each contaminant 

cont r ibu t ing .  

P r i n t  t o t a l  mass depos i t i on  rate and source 

emission rate f o r  each node f o r  each 

con t aminan t . 
P r i n t  t o t a l  mass depos i t ion  rate and source 

emission rate f o r  each node. 

P r i n t  t o t a l  mass depos i t i on  rate and source 

emission rate f o r  each body. 

T i m e  increment f o r  i n t e r v a l  over which rates 

assumed v a l i d  ( s t a b l e  t ime).  
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(9 1 T i m e  a f t e r  launch o r  start  of source emission. 

(10) Punch out  new block of nodal d a t a  as a r e s u l t  

of mass exchanges occurr ing  over t i m e  in -  

crement (problem cons tan t  8). 

Constants 12 through 15 c u r r e n t l y  not  used. 

7.0 MODEL PREDICTION 

A contamination assessment w a s  performed f o r  a synchronous 

a l t i t u d e  s p a c e c r a f t  t o  determine i f  t he  mass d i s t r i b u t i o n  would be 

similar t o  t h a t  of t h e  s o l a r  absorptance degradat ion experienced on t h e  

r a d i a t o r s .  This  s p a c e c r a f t  w a s  used t o  check o u t  t he  contamination 

a n a l y s i s  program because of t he  l a r g e  amount of thermal performance 

f l i g h t  d a t a  a v a i l a b l e .  The s p e c i f i c  i npu t  parameters f o r  t h i s  model 

cons is ted  o f :  (a) 95 s u r f a c e  nodes, (b) 33 source materials, (c) nor- 

m a l  ope ra t ion  hydrazine t h r u s t e r  p r o f i l e ,  and (d) an 18-month pre-  

d i c t i o n  t i m e .  Two cases w e r e  considered when i n p u t t i n g  da ta .  The 

f irst  case used the  temperature d a t a  recorded a t  the  end of 18 months 

on o r b i t .  The second case used the i n i t i a l  s t a b i l i z e d  on-orbi t  

temperatures.  The mass d i s t r i b u t i o n  and the  major con t r ibu t ing  

sources  were p red ic t ed  f o r  t h e  95-node model. These r e s u l t s  were 

compared wi th  the  observed performance (a i n c r e a s e )  a f t e r  18 months. 

This comparison w a s  l i m i t e d  t o  two d i f f e r e n t  r a d i a t o r  s o l a r  absorp- 

tance maps der ived  from temperature d a t a  i n  previous s t u d i e s .  Resu l t s  

of the  a n a l y s i s  are shown i n  Figures  4 through 6. 

Figure 4 shows the  p red ic t ed  contamination on the  primary 

r a d i a t o r s  f o r  18 months on o r b i t  (18-month temperatures used) .  As can 

be seen,  a p r e f e r e n t i a l  component of mass buildup e x i s t s  near  t h e  

cen te r  of t h e  r a d i a t o r .  Figure 5 shows the  p r e f e r e n t i a l  shape of t he  

r a d i a t o r  degrada t ion  af ter  18 months on o r b i t .  Normalizing the  

curves and superimposing Figures  4 and 5 y i e l d s  Figure 6 .  It i s  clear 

224 



MASS 
DEPOSITION 

(am) 

TOP 

1 I I I I 

AXIAL POSITION 
FIGURE 4 .  PiiEDICTED CONTAMINATION ON PRIMARY RADIATOR 

FOR 18 MONTHS I N  ORBIT 

SOLAR 
ABSORPTANCE 
DEGRADATION 

I - BOlTOM \ 

I I I I 
AXIAL POSITION 

FIGUilE 5. PRIMARY RADIATOR D E G W A T I O N  AFTER 
18 MONTHS (FLIGHT DATA) 

225 



EQUIVALENT 
ABSORPTANCE 

,’-\ 
/ / :ATLE 

I 

AXIAL POSITION 

FIGURE 6 .  COMPARISON OF PREDICTED MASS DEPOSITION 
TO SOLAR ABSORPTANCE ChANGES 

226 



t h a t  the  mass d i s t r i b u t i o n  on the primary r a d i a t o r  c l o s e l y  resembles 

the  s o l a r  absorptance degradat ion d i s t r i b u t i o n .  

8.0 RESULTS AND CONCLUSIONS 

The r e s u l t s  show the  major sources  of contamination t o  be 

vent ing  of the e l e c t r o n i c s  enclosure and t h r u s t e r  plume e f f l u e n t s .  A 

l i s t  of sources  of contamination t o  the  s a t e l l i t e  r a d i a t o r s  i s  

presented i n  Table 1. 

TABLE 1 SOURCES OF CONTAMINATION TO RADIATORS 

Sources Percentage 

E lec t ron ic s  enclosure vent ing  68 

Thrus te r  plume e f f l u e n t s  28 

Reaction wheel o i l  1.0 

Others 3.0 

A second case t h a t  used the  s t a b i l i z e d  i n i t i a l  o r b i t a l  

temperatures w a s  run. The r e s u l t s  show the  shape of t he  curves t o  be 

i d e n t i c a l  wi th  those of t h e  f i r s t  case; however, t h e r e  w a s  a 10 t o  12 

percent  i nc rease  i n  the  mass deposi ted over the primary r a d i a t o r  when 

t h e  i n i t i a l  o r b i t a l  temperatures were used. These r e s u l t s  suggest  

the  model is a good r ep resen ta t ion  of the  mass t r a n s p o r t  mechanism and 

the  model r e s u l t s  are not  s t rong ly  dependent upon the  temperature 
d i s t r i b u t i o n .  

Continuing s t u d i e s  are being conducted a t  the  t i m e  t h i s  

paper is w r i t t e n  which confirm the  va lue  and u t i l i t y  of t he  model and 

provide improved v e r i f i c a t i o n  of t he  model as being r e p r e s e n t a t i v e  of 

t he  mass t r a n s p o r t  mechanism. The model provides  an e f f i c i e n t ,  
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comprehensive and concise  genera l ized  approach t o  so lv ing  the mass de- 

p o s i t i o n  contamination problem i n  a free-molecular flow environment. 

To d a t e  the re  i s  i n s u f f i c i e n t  experimental  d a t a  a v a i l a b l e  t o  

p o s i t i v e l y  c o r r e l a t e  mass depos i t ion  wi th  s o l a r  absorptance inc rease  i n  

a comprehensive fashion.  However, wi th  the  mass depos i t ion  p r e d i c t i v e  

technique developed, p o t e n t i a l  contamination problems on new s p a c e c r a f t  

are being avoided o r  minimized i n  the  design phase and improved de- 

t e c t i o n  and eva lua t ion  of o p t i c a l  and thermal problems on e x i s t i n g  

des igns  have become a r e a l i t y .  
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